A closed form of an analytical expression of concentration in the single-enzyme, single-substrate system for the full range of enzyme activities has been derived. The time dependent analytical solution for substrate, enzyme-substrate complex and product concentrations are presented by solving system of non-linear differential equation. We employ He's Homotopy perturbation method to solve the coupled non-linear differential equations containing a non-linear term related to basic enzymatic reaction. The time dependent simple analytical expressions for substrate, enzyme-substrate and free enzyme concentrations have been derived in terms of dimensionless reaction diffusion parameters 
Introduction
An enzyme is a biological catalyst that regulates the rate of chemical reaction in a living organism. Enzymes are very essential as most chemical reactions would occur too slowly or would lead to different product without the activity of enzymes. Enzymes bond with a substrate to form a transient state, an unstable intermediate complex that requires less energy for the reaction to proceed. Like any catalyst, the enzyme remains unaltered by the completed reaction and can therefore continue to interact with substrates. Enzymes may speed up reactions by a factor of many millions. Under temperature changes [1] , diluted conditions, or changes in the reaction medium (pH or buffer) [2, 3] , enzyme can undergo progressive loss of activity. Actually enzyme inactivation can result in grievous errors in describing the behaviour of the system, such as incorrect estimation of the kinetic parameters. Therefore it is very important to be able to know when enzyme inactivation is affecting a reaction. Understanding the effects of enzyme inactivation is important for application such as predicting the behaviour of chemical reactions in the food, chemical, and pharmaceutical industries [4, 5] . While there are numerous models available for mechanism-based inactivation systems or suicide substrates [6, 7] , there is currently no methodology that yields quantitative predictions for non-mechanism-based enzyme inactivation. In this paper we derive an expression for concentration of substrate, enzymesubstrate complex and product with non-mechanismbased enzyme inactivation, interms of dimensionless reaction diffusion parameters 1 2 3 , , and
Homotopy perturbation method (HPM) and comparative study of the same with numerical simulation.
Mathematical Formulation of the Problem
The model of biochemical reaction was set forth by Michaelis and Menten in 1913 [8] and further developed by Briggs and Haldane in 1925 [9] . This formulation considers a reaction where a substrate S binds an enzyme E reversibly to form a complex C. The complex can then decay irreversibly to a product P and the enzyme, which is then free to bind another molecule of the substrate. The enzyme is normally considered more stable while incorporated in C than when in free E form. From this, we can add to the Michaelis-Menten mechanism that free E decays into its inactive form E i . This single enzyme-substrate reaction system is represented as follows [10] :
By intr he fo wing t of d ra 
Initial conditions at t = 0 is given by 
The boundary conditions are
Analytical Expressions of Concentrations
Nonlinear phenomena play a crucial role in applied to Equations (15)- (17) [11] [12] [13] [14] . This method is a combination of topology and classic perturbation techniques. Ji Huan He used the HPM to solve the Lighthill equation [15] , the Duffing equation [16] and the Blasius equation [17] . The idea has been used to solve non-linear boundary value problems, integral equations and many other problems. In these methods [18] [19] [20] [21] [22] , the homotopy perturbation method is applied and the obtained results show that the HPM is very effective and simple. The HPM is unique in its applicability, accuracy, efficiency and uses the imbedding parameter p as a small parameter and only a few iterations are needed to search for an asymptotic solution.
Using this method, we can obtain the following solution 3  2  2  2   2   2  2  2  2  2  2  2  3 2 2 e e e e e e v
Equations (19)- (21) 
Conclusions
The time dependent non-linear reaction-diffusion equation has been formulated and solved analytically and numerically. Analytical expression of substrate, enzymea substrate and free enzyme concentrations interms of din diffusion parameters mensionless reactio 1 2 , , 
  

Acknowledgements
